Summary In a study of chemotherapy as palliative treatment, 300 patients with untreated limited and extensive stage small cell lung cancer (SCLC), who did not have progressive disease after the first cycle of chemotherapy, were randomised to receive either regular 'planned' chemotherapy or chemotherapy given 'as required' (AR). All patients received the same chemotherapy: cyclophosphamide 1 gm m-2 i.v., vincristine 2 mg i.v., and etoposide 120 mg m-2 i.v. on day 1, and etoposide 100 mg b.d. orally on days 2 and 3. Planned chemotherapy was given regularly every 3 weeks. AR chemotherapy was given for tumour-related symptoms, or for radiological progression of disease. Both groups of patients were assessed every 3 weeks and a maximum of eight cycles of chemotherapy was given. A detailed quality of life assessment was made using daily diary cards.
Small cell lung cancer (SCLC) is sensitive to both chemotherapy and radiotherapy. Chemotherapy response rates of greater than 80% are obtained in previously untreated patients (Klastersky et al., 1982; Aisner et al., 1986; Feld et al., 1987; Smith et al., 1987; Jackson et al., 1988; Spiro et al., 1989) , and chemotherapy prolongs survival in patients with both limited and extensive disease. Unfortunately these high response rates do not result in significant numbers of cures, and the overall 2-year survival is 5.9%, with 3% alive at 7 years (Souhami & Law, 1990) . Survival beyond 2 years is largely confined to patients with limited disease and good performance status who constitute only 25% of all cases (Osterlind & Andersen, 1986; Souhami & Law, 1990) . Chemotherapy relieves symptoms and increases median survival even in patients who cannot be cured, but these benefits have to be weighed against the toxicity and inconvenience of treatment. In the course of a study designed to assess the optimum duration of chemotherapy (Spiro et al., 1989 ), a quality of life analysis suggested that symptoms improved if chemotherapy was stopped early (Geddes et al., 1990 ).
The present study was designed to assess two different philosophies of treatment with cytotoxic drugs. In the first, chemotherapy was used in the conventional manner, given in regular planned cycles every 3 weeks. In the second, chemotherapy was given only when the progression of the disease or the development of symptoms dictated the need for chemotherapy. A pilot study was first undertaken, and the approach was feasible provided that the indications for treating with chemotherapy were made clear. The two most important end points of this study were therefore overall survival and detailed assessment of quality of life. The quality of life assessment was with daily diary cards as described previously (Geddes et al., 1990) .
Patients and methods
During the period February September 1988, 300 patients with SCLC were entered into the study from the participating hospitals. All Patients were randomised after diagnosis and staging. Randomisation was either to receive planned chemotherapy every 3 weeks, or to receive chemotherapy on an 'as required' (AR) basis. All patients received the first cycle of chemotherapy on entry to the study but patients in either arm who had progressive disease at 3 weeks were taken off the protocol treatment ('off study'). The comparison is therefore between the two treatment policies in those patients with stable or responding disease following the first cycle. Survival data are presented both for all randomised patients and for those on study following the first treatment. In both arms of the study, the chemotherapy was cyclophosphamide 1 gm m2 i.v., vincristine 2mg i.v., and etoposide 120 mgM2 m i.v., on day 1, and etoposide 100 mg b.d. orally on days 2 and 3. Each patient was reviewed every 3 weeks by clinical assessment, chest radiograph, full blood count, urea, electrolytes and liver function tests. A maximum of eight cycles of chemotherapy was given. Protocol chemotherapy was discontinued if there was progressive disease within 3 weeks of previous chemotherapy or if there had been unacceptable chemotherapy side effects. Treatment was given every 3 weeks in the planned group provided that the total white cell count on the day of treatment was equal to or greater than 3.5 x 1O' I`and the platelet count was equal to or greater than 100 x 109 I1-. If not, treatment dosage was reduced according to the following schedule: if the total white cell count was 3-3.5 x 1091-1, 75% of the cyclophosphamide and of the intravenous etoposide was given, and if less than 3 x 109 1, the treatment was not given and the blood count was repeated a week later; if the platelet count was 75-100 x 109 1-, cyclophosphamide and etoposide doeses were reduced to 75%; any further decrease in platelet count caused the treatment to be delayed and the blood count was repeated a week later. These dose reductions were carried over to subsequent treatment cycles. After the first course of chemotherapy all patients had a blood count at 7-10 days. If the total white cell count was <2 x 109 1-patients were treated prophylactically with Co-trimoxazole two tablets b.d., to avoid the high risk of treatment related mortality at 7-12 days following the first cycle in poor prognosis patients (Morittu et al., 1989) .
Patients receiving chemotherapy in the AR arm were assessed every 3 weeks in the same way, but were not treated unless it was 'required'. Treatment decisions were made according to the guidelines in Table I . The same dose modifications were made in the AR arm as in the planned arm, although because treatment was usually given at intervals greater than 3 weeks, chemotherapy was rarely delayed as a result of myelosuppression.
Patients whose tumour progressed within 3 weeks of previous chemotherapy were treated symptomatically including the use of palliative radiotherapy but not further chemotherapy. Patients whose tumours relapsed after chemotherapy had been discontinued were also treated symptomatically. Thoracic radiotherapy and prophylactic cranial irradiation were not given as a part of the treatment protocol. straight lines drawn across the tumour at right angles to each other. Complete and partial responses had to be maintained for at least 3 weeks (the time between two chemotherapy cycles). Stable disease (SD) was either no change in the size of the tumour, or any response that was less than 50%. Progressive disease (PD) was recorded if the tumour increased in size by more than 25%, or the patient developed a new metastasis. Liver relapse was diagnosed with deteriorating liver function tests, and an abnormal isotope or ultrasound scan. If biochemical deterioration in liver function tests occurred as an isolated feature, this was judged to be due to metastatic disease if the abnormality was sustained or increased at the next visit. Bone pain was interpreted as due to metastatic disease if associated with either appropriate X-ray changes or a positive bone scan. Relapse in lymph node or skin lesions was confirmed by cytology or histology only if there was doubt as to their nature. CNS relapse was confirmed by CT brain scan, and carcinomatous meningitis by examination of the CSF. Change in blood urea and electrolytes possibly attributable to ectopic ADP production was not interpreted as relapse if it occurred in insolation.
Statistical methods
In this study we were comparing a standard treatment with a more conservative treatment. The hypothesis being tested was that the two treatments would be similar in terms of survival, but that the quality of life might be better for the AR patients. The objective was the identification of the less toxic treatment, provided it was not worse than the standard treatment in terms of survival. The acceptable difference in survival was agreed by the investigators at the start of the study. With an expected 30% survival at 1 year, we wished to be able to detect a > 15% difference in survival at 1 year. Using the method of Makuch and Simon (1978) the total number of patients required (ac = 0.10, P = 0.20 and a = 0.15) was 230 (115 in each arm). Alternatively, statistical methods using a one-tailed test (Freedman, 1982 ) indicated a total of 242 patients would be required when a = 5%, 1-P = 80%, with an expected 30% 1 year survival, and the ability to detect a 15% difference.
Patients were randomised centrally by the trial coordinator using the sealed envelope method. The randomisations were stratified according to treatment centre. Curves of survival and treatment free interval were constructed according to the method of Kaplan and Meier (1958) and statistical significance estimated by the log-rank test (Peto et al., 1977) .
Quality of life assessment

Response criteria
Response was assessed clinically, radiologically and biochemically before each chemotherapy cycle. A complete response (CR) was defined as complete radiological clearing of the chest radiograph abnormality seen at diagnosis. All symptoms and signs and biochemical abnormalities indicating metastatic disease should have resolved completely. Bronchoscopic confirmation of complete response was not required. A partial response (PR) was a 50% or greater reduction in tumour area as measured by the sum of two A cohort of 62 patients taking part in the multi-institutional randomised study also participated in the quality of life assessment. The patients were treated in a single institution (London Chest Hospital). They were under the care of a single medical team and were judged to be capable of complying with the diary card assessment. After diagnosis patients were asked to participate in the study and gave informed consent. All patients were aware of their diagnosis. The nature of the trial was explained by one of two doctors. The intention behind 'planned' and 'as required' chemotherapy was explained in the same way to each patient. Patients allocated to as required chemotherapy were told that the progress of the disease would be closely monitored and chemotherapy used as and when necessary. No patient refused to take part.
The quality of life measure used was a diary card to be completed daily by the patient (Figure 1 ). This card has been compared by our group in a previous study (Geddes et al., 1990) with the EORTC questionnaire, the Spitzer quality of life index and the HAD scale and is a modification of the card developed by the UK Medical Research Council (Bleehen et al., 1989 asymptomatic from their disease. Four patients on the planned arm and seven patients on the AR arm withdrew from treatment. Only one patient was lost to follow-up in the study (AR arm).
The number of courses of chemotherapy received by the patients is shown in Figure 2 . 56.8% of patients on the planned arm have received all eight courses of chemotherapy, compared with 12.4% of patients on the AR arm. The median number of courses received by patients on the planned arm of the study was eight, compared with four for patients on the AR arm. Dose reductions were infrequent. At the 8th cycle the mean percentage intravenous dose was 91.7% in the planned arm and 95.8% in the as required. The overall per cent dose per cycle was 91.7% in the planned and 96.6% in the as required treatment. In the planned arm 12.6% of cycles were delayed by 1 week. Figure 3 shows the overall survival for all 300 patients randomised. There was no significant difference in survival between all patients randomised to receive planned or AR chemotherapy, with median survivals of 35 weeks (95% C.I. 30-39 weeks) and 29 weeks (95% C.I. 25-33 weeks) respectively (P = 0.464). There was no difference in overall survival between the 252 patients who, with stable or responding disease after the first cycle, received either planned or AR chemotherapy, with median survivals of 36 (95% C.I. 32-40 weeks) and 32 (95% C.I. 28-37 weeks) weeks respectively (Figure 4 , P = 0.960). There was no difference in survival between the two groups in patients with stable or responding disease in the limited or extensive disease category (Figure 5a and b).
The median interval between treatments in the AR arm was 42 days. Figure 6 and the legend shows the method of calculation and analysis of the treatment-free intervals between each course. There are only minor changes in median treatment free interval from course 1 through 8. It is of note that approximately 10% of patients had treatmentfree intervals of 3 months or longer. Figure 7 demonstrates overall survival by duration of first treatment interval. Patients with a first treatment-free interval of <4 weeks have a median survival of 24 weeks (95% C.I. 17-34 weeks); patients with an interval of 4-8 weeks have a median survival of 33 weeks (95% C.I. 31-37 weeks); and those with a first interval of > 8 weeks have a median survival of 47 weeks (95% C.I. 32-53 weeks, trend test P = 0.013).
Quality of life assessment
The characteristics of the patients studied in the quality of life assessment and in the whole trial are compared in Table  IV . The study patients are representative of the trial as a whole and the two arms are evenly matched. Table V shows the number of patients studied during the period of chemotherapy. During the period of observations patients continued to fill in diary cards after relapse until they were too ill to comply when they withdrew from the assessment. This is the explanation of the diminution in numbers with time. Table VI shows the numbers of patients treated for each chemotherapy cycle. As in the whole study, patients on the AR arm received approximately half the amount of chemotherapy given to the patients on the planned programme (106 cycles vs 196) before relapse within 3 weeks of the last cycle. Patient compliance in return of completed cards was excellent, with 438 out of a possible 506 (87%) cards being returned (88% planned and 85% AR). Figure 8 shows the proportion of responses indicating nausea, vomiting, depression of appetite and pain greater than grade 1 in both study groups. The peaks of nausea related to the chemotherapy cycles in the planned arm are clearly demonstrated. They are less apparent in the AR arm since chemotherapy occurred at differing time intervals. In the planned arm nausea diminished at week 22 when chemotherapy was discontinued. Nausea continues longer in the Figure 6 Treatment-free interval curves for as required chemotherapy patients only. The individual curves are not identified since there is no difference between them. The curves are constructed on the same principle as survival curves. A fall in the curve indicates that a patient has received treatment, and the points indicate that a patient has been treatment-free for that length of time since their last treatment. The treatment-free intervals pertain to those chemotherapy cycles before progression through treatment occurs. The median treatment-free interval (MTFI) between each course is as follows: Course interval 1-2 (n = 147, MTFI =43 days); Course 2-3 (n = 121, MTFI =42 days); Course 3-4 (n = 99; MTFI = 43 days); Course 4-5 (n = 72, MTFI = 43 days; Course 5-6 (n = 55, MTFI = 41 days); Course 6-7 (n = 36, MTFI = 42 days); Course 7-8 (n = 20, MTFI = 41 days). Log Rank test P = 0.628. Trend Test P = 0.197.
Planned
As Figure 9 shows the results for sleep, mood, activity and general well being. Disturbances of mood and sleep are more frequent in the AR group. More of these patients also show a deterioration in what we have described as 'general well being'. Activity scores were slightly worse in the planned group, possibly related to the greater number of hospital admissions (note that activity is scored inversely, 100% being all patients fully active).
Discussion
This study in patients with small cell lung cancer was designed to answer a novel question in the use of cancer chemotherapy. Does chemotherapy treatment given on an 'as required' basis result in equivalent survival with a better quality of life? Because the prognosis for SCLC remains very (Osterlind & Andersen, 1986) .
It is of interest that the regrowth interval of the tumour appeared to have an association with prognosis. The longer regrowth interval may be due either to a greater reduction in tumour mass as a result of chemotherapy, or an intrinsically slower growth rate. The fact that many patients with only a partial response on X-ray showed a very slow regrowth of the tumour suggests that the distribution of growth rates in SCLC may be wider than is generaly assumed. Patients whose tumour responded well to treatment and who had long treatment-free intervals, had a better survival.
To assess quality of life we used the daily diary card which we have shown gives detailed information on short-term variations in symptoms which may not be detected by more general questionnaires (Geddes et al., 1990) . Compliance, which is often a problem with self administered assessments (Bleehen et al., 1989) , was good, probably due to the fact that the study was carried out in a single centre with a research nurse assigned solely for this purpose. Patients in both arms of the study continued to complete cards for as long as possible. In the previous study (Geddes et al., 1990 ) a decision was made to stop the assessment once progression occurred. This was not appropriate when comparing planned and as required chemotherapy, since in those randomised to AR chemotherapy treatment was given only on disease progression or persistence of symptoms. However many patients die in the first few months of treatment and only 30 of an initial 62 patients were completing cards by week 28. Nevertheless almost 450 cards were collected, each containing at least 160 scores and compliance in each group was very similar.
The results confirm our previous report and that of Fayers et al. (in press ) that the diary card was sensitive enough to detect the changing symptoms during treatment cycles and also to show clear differences between the two treatment policies. The diary card produces large amounts of repeated data. In displaying and analysing the two groups the percentage of scores above (or below) a given level (1, 2, 3 or 4) was calculated for each symptom category, for all patients, over a period of 1 week. Although in theory it might be possible to achieve the same results by collecting the data less frequently, it was felt that the regularity of a daily recording was an important factor in compliance. Following the suggestions of Fayers and Jones (1983) , who argue against over-sophisticated analysis of the data, both the raw data and the weekly proportions were compared using the Mann-Whitney nonparametric test which confirmed the differences already evident in the graphical display shown in the figures. The results are shown for scores greater than one. An identical trend was observed if scores greater than two were taken. Too few patients had scores greater than three or four for the analysis to have value.
Giving chemotherapy on an AR basis proved to be a successful way of reducing the number of treatments that patients receive. The median treatment free interval was 6 weeks, resulting in AR patients receiving approximately half the number of courses as the planned patients. This reduction in treatments did not lead to a significant survival difference and resulted in one of the main side effects of chemotherapy, that of vomiting, being somewhat reduced. However in all the other diary card measures excepting activity more AR patients reported adverse symptoms. Two possible explanations might account for the worse quality of life in the AR group. Firstly it is possible that patients felt that this treatment was a philosophy of failure, and were distressed because they felt that they could not be cured. This might have been reinforced each time chemotherapy was given since at that time the disease might be perceived as advancing. However there are arguments against this interpretation. One team of two doctors explained the study to patients who were then closely followed by the research nurse. There were no adverse comments about the trial reported by AR patients and neither the nurse nor the doctors were aware of the trend towards worse symptoms. In fact the treatment was very popular with the medical staff and patients are likely to have perceived this. The deterioration is therefore more likely to be due to the physical effects of cancer which are alleviated by chemotherapy even if at the expense of some toxicity. If this interpretation is correct the study shows that, for most patients, regular chemotherapy is an effective and useful palliative treatment and that while patients dislike the side effects of treatment, failure to control the effects of the cancer diminishes quality of life to a greater degree.
Similar conclusions have been reached in the treatment of metastatic breast cancer. Coates et al. (1987) conducted a trial comparing planned, regular, chemotherapy administered until progression of disease, with intermittent chemotherapy, whereby treatment was stopped after 3 cycles and then repeated for three more cycles only when there was evidence of disease progression. Intermittent therapy in this group of patients with metastatic breast cancer resulted in a significantly worse response, a significantly shorter time to disease progression, a trend towards shorter survival and was associated with a worse quality of life than in patients treated with regular, planned course of chemotherapy until disease progression. It would therefore appear that chemotherapy not only prolongs life but also improves its quality, an inference also drawn by Tannock (1987) in reviewing the study of Coates and co-workers (1987) . This is an important conclusion for all those involved in the treatment of patients with SCLC and may also have relevance in the palliative treatment of patients with metastatic disease from other tumours that are responsive to chemotherapy. Finally, this study illustrates the value of objective measurement when a question of palliation is being asked and shows that the perception of doctors and nurses may not accord with what the patient experiences.
